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We examined whether between-persons differences and within-person changes in levels of social support were associated with age-related cognitive decline and whether these associations varied by sex and by relationship type. Executive function and memory scores over 8 years (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) were analyzed by mixture models among 10,241 adults aged ≥50 years in the English Longitudinal Study of Ageing. Between-persons differences and within-person changes in positive social support and negative social support were independently associated with cognitive decline in different ways according to sex and relationship type. Among men, higher-than-average positive social support from a spouse/partner was associated with slower cognitive decline (for executive function, β person-mean×time-in-study = 0.005, 95% CI: 0.001, 0.010; for memory, β person-mean×time-in-study = 0.006, 95% CI: 0.000, 0.012); whereas high negative social support from all relationship types was associated with accelerated decline in executive function (for all relationships combined, β person-mean×time-in-study = −0.005, 95% CI: −0.008, −0.002). For women, higher-than-average positive social support from children (β = 0.037, 95% CI: 0.010, 0.064) and friends (β = 0.115, 95% CI: 0.081, 0.150)-but not from a spouse/partner (β = −0.034, 95% CI: −0.059, −0.009) or extended family (β = −0.035, 95% CI: −0.064, −0.006)-was associated with higher executive function. Associations between social support and age-related cognitive decline vary across different relationship types for men and women. cognitive aging; longitudinal study; sex-specificity; social network; social support Abbreviations: CI, confidence interval; ELSA, English Longitudinal Study of Ageing; PM, person-mean; WP, within-person.
Evidence suggests cognitive benefits of social relationships (1) . Cognitive benefits, however, may be contingent upon the perceived quality of relationships-negative social support (but not positive social support) from significant others has been shown to be associated with accelerated rates of cognitive decline (2) .
It is well known that men and women maintain social relationships differently, having different requirements and expectations of social support (3) . Women have more extensive social networks than men, and women both benefit from and are burdened by providing and receiving social support from multiple sources (4, 5) . Men maintain close relationships with fewer people, primarily their spouses or partners (4) , and they receive most social support from intimate ties (6) . Given that social relationships are formed by social partners with different degrees of closeness, the amount and type of social support transmitted may rely on the defined social ties (6, 7) . Social support may be interpreted and handled in a manner specific to the source. Evidence also suggests that associations between social support and health vary by the source of support (8, 9) .
Few epidemiologic studies have investigated associations between social support and cognitive function separately by sex and by relationship type. In previous studies, investigators have found that more social engagement, particularly with friends, was associated with better cognitive function (10) and lower cognitive decline (11, 12) for women only, while other studies did not report sex-specific associations (13, 14) . To our knowledge, potential variation in associations between social support and cognitive function across different relationship types have not been explored systematically. Furthermore, despite evidence that social support changes in later adulthood (15, 16) , most studies have measured social support only at a single time point, hindering understanding of how changes in levels of social support influence age-related cognitive decline (17) .
There is a lack of evidence addressing the ways social support and cognitive function are associated longitudinally and whether these associations differ by sex and by relationship type. To fill this gap, we explored the between-persons and within-person associations of social support and cognitive function in a representative sample of English adults aged 50 years or older over an 8-year period. Our objectives were to examine 1) whether between-persons differences and withinperson changes in levels of positive social support and negative social support were associated with age-related change in cognitive function, and 2) whether these associations were modified by sex and by relationship type.
METHODS

English Longitudinal Study of Ageing
The English Longitudinal Study of Ageing (ELSA) is an ongoing study of community-based adults aged ≥50 years (18); 11,391 sample members (born before February 29, 1952) participated in wave 1 (2002-2003) . Comparisons of the sociodemographic characteristics of wave 1 participants with the national census indicated that the sample was broadly representative of the noninstitutionalized English population (18) . Participants are contacted every 2 years, and data collection consists of a face-to-face interview and self-completion questionnaire. Technical details of ELSA are reported elsewhere (19) . The individual response rate at baseline was 67%, and 82% of wave 1 respondents participated in wave 2, 73% in wave 3, 74% in wave 4, and 78% in wave 5 (18) . Our study was based on participants with at least 1 cognitive assessment from the first 5 waves. We excluded wave 1 participants with doctor-diagnosed Alzheimer or Parkinson disease, dementia, or serious memory impairment (n = 126), as well as participants with missing data on cognitive function (n = 397) or other covariates (n = 627), leaving an analytical sample of n = 10,241 (executive function) and n = 10,336 (memory). ELSA participants provided signed consent, and ethical approval was granted by the London Multicentre Research Ethics Committee.
Measurement of cognitive function
Each wave included an interviewer-administered cognitive battery, which assessed several processes essential to daily functioning that are considered sensitive to decline with aging. The present study examined composite scores of executive function and memory, as did previous ELSA analyses (20, 21) . (Web Appendix 1, Web Table 1 and Web Figure 1 , available at https://academic.oup.com/aje).
Executive function. The executive function index comprised verbal fluency and letter-cancellation tasks. For verbal fluency, participants were asked to name as many members of a specific category (animals) as they could in 60 seconds. For letter cancellation, participants were handed a page of randomly generated letters of the alphabet arranged in rows and columns, and were asked to cross out as many of the target letters (P and W) as possible within 60 seconds. These tasks formed 3 scales: verbal fluency (the number of animals named (range, 0-8)), letter cancellation (for speed processing: the number of letters reached (range, 0-7)), and visual search accuracy (the number of target letters missed (reverse recoded and categorized: range, 0-5)). These were summed into a composite score (range, 0-20).
Memory. The memory index comprised 3 tasks: time orientation, verbal learning (word-list learning), and prospective memory. These tasks formed 4 scales: time orientation (reporting the correct day, week, month, and year (range, 0-4)), verbal learning (2 scales: immediate and delayed recall for a list of 10 everyday words (both with a range of 0-10)), and prospective memory (remembering to carry out a task-write initials on a clipboard at a certain point during the battery after being instructed to do so earlier-range, 0-3)). These were summed into a composite score (range, 0-27).
Measurement of social support
Questions on social support covered 4 relationship types: spouse/partner, children, friends, and extended family members. Three questions addressed positive social support: 1) how much they understand the way you feel about things; 2) how much they can be relied on if you have a serious problem; and 3) how much you can open up to them to talk about worries. Responses ranged from "not at all" (scored 0) to "a lot" (3). Scores were summed for each relationship (range, 0-9) and summed into an overall score (range, 0-36). Three questions addressed negative social support: 1) how much they criticize you; 2) how much they let you down when you are counting on them; and 3) how much they get on your nerves. Responses were scored as described for positive social support. Participants without the relevant social ties were scored zero.
Covariates Sex, age, socioeconomic status (highest educational attainment and wealth quintiles), and health factors assessed at wave 1 were treated as covariates. The number of mobility limitations (range, 0-6) was derived from reported difficulties with 6 basic activities of daily living tasks (22) . The number of depressive symptoms (range, 0-8) was assessed using the 8item Center for Epidemiologic Studies Depression Scale (CESD-8) (23).
Statistical analyses
To differentiate within-person and between-persons associations for social support, 2 variables were derived from a single time-varying variable (17) . Between-persons associations were assessed using each participant's average score across waves, centered at the grand mean (hereafter referred to as the person-mean (PM) variable). Within-person associations were assessed by subtracting each participant's wave-specific score from his or her average level (hereafter referred to as the within-person (WP) variable). Mixture models were used to estimate change in cognitive function scores as a function of time since baseline. The models contained level-1 (WP) and level-2 (PM) coefficients. WP coefficients describe variation in cognitive function scores as a function of change in each participant's usual level of social support; PM coefficients describe variation in cognitive function scores as a function of the difference between participants in their average level.
Our modelling strategy was chosen a priori to answer our principal research questions. First, to examine whether betweenpersons differences and within-person changes in levels of social support were associated with cognitive function, we fitted models containing PM and WP, their interaction with time (time-squared was nonsignificant), and their cross-level interaction. Interaction with time allowed the rate of change in cognitive function scores to covary with PM and WP levels. Cross-level interaction terms allowed the magnitude of WP associations to vary across PM levels. Second, to examine whether sex and relationship type modified the social support and cognitive function associations, we added the relevant interaction terms with sex, and we fitted relationship-specific models. Each model contained a random intercept and random slope and included adjustments for socioeconomic status, depression, and mobility limitations, plus their interaction with time. Wave 1 weights were used to ensure that the sample was representative of the community-dwelling English population aged ≥50 years at baseline. We assessed the impact of attrition bias on the robustness of our findings by repeating analyses on the subset of participants (n = 5,079) who took part in all 5 waves, using a weighting variable that has adjusted for attrition since wave 1. We also tested the extent to which retest effects would affect our results via further adjustment for the number of cognitive tests. Data was analyzed using Stata, version 13.1 (StataCorp LP, College Station, Texas). Statistical significance tests were based on 2-sided probability (P < 0.05).
RESULTS
Sociodemographic characteristics and summary statistics
for cognitive function and social support are shown according to study wave in Table 1 . On average, there were small increases over time in cognitive function scores and in both positive social support and negative social support. Mean age at wave 1 was 64.6 years. Fewer than half of participants were male (46.7%), and over one-third had no formal educational qualifications (41.2%). The mean number of depressive symptoms and mobility limitations decreased slightly.
Social support and cognitive function
For the social support measures combined across all relationship types, Table 2 shows the multivariable-adjusted PM and WP coefficients, their interaction with time in study, and their cross-level interaction for executive function and memory. Participants with higher PM positive social support showed higher initial executive function (β = 0.017, 95% confidence interval (CI): 0.009, 0.026) and slower decline in memory (β = 0.004, 95% CI: 0.002, 0.006). WP positive social support was nonsignificantly associated with baseline memory scores, but a positive association became significant over time (β = 0.004, 95% CI: 0.001, 0.007), suggesting a more positive slope for participants with higher-than-usual level of positive social support. In contrast, higher WP negative social support was associated with higher memory scores (β = 0.018, 95% CI: 0.003, 0.033). This association was weaker for participants with higher PM negative social support, indicated by the cross-level interaction term (β = −0.002, 95% CI: −0.004, 0.000). Higher PM negative social support was associated with lower baseline memory scores (β = −0.029, 95% CI: −0.046, −0.012) but not with rate of change.
Cognitive function by sex and by relationship type
Sex-specific associations are presented in Web Table 2 . Faster declines in executive function were observed for men with higher PM negative social support (β = −0.005, 95% CI: −0.008, −0.002) but not for women (β = 0.001, 95% CI: −0.002, 0.004; for interaction with sex, P < 0.01). Moderation by sex was also observed in the associations between higher WP negative social support and baseline executive function (P for interaction < 0.01) and rate of change (P for interaction < 0.05), showing a decline in scores for women (β = −0.006, 95% CI: −0.011, −0.002) but not for men (β = 0.001, 95% CI: −0.004, 0.006). Results for memory were similar for both sexes (for interaction with sex, P > 0.05).
The estimated associations between social support and cognitive function stratified by relationship type are shown in Table 3 (executive function) and Table 4 (memory). Web Appendix 2 presents the relationship-specific mean trajectories distinguished on the basis of profiles that differ by 1 unit according to differences between persons in average levels (PM = 0 and 1) and within-person change in their usual level (WP = 0 and 1) of social support, with all other covariates held constant.
Executive function. As shown in Table 3 , among men, executive function scores varied by social support from a spouse/ partner, showing higher initial levels (β = 0.037, 95% CI: 0.008, 0.066) and slower decline (β = 0.005, 95% CI: 0.001, 0.010) for participants with higher PM positive social support (Web Figure 2A) and lower PM negative social support (β = −0.012, 95% CI: −0.022, −0.002) (Web Figure 2C) . Decline in executive function was faster among men with higher PM negative social support from children (β = −0.009, 95% CI: −0.018, 0.000), from extended family members (β = −0.009, 95% CI: −0.018, 0.000), and from friends (β = −0.017, 95% CI: −0.027, −0.006) (Web Figures 3C-5C ). Among women, higher initial levels of executive function were associated with lower PM positive social support from a spouse/partner (β = −0.034, 95% CI: −0.059, −0.009) and from extended family members (β = −0.035, 95% CI: −0.064, −0.006). In contrast, higher initial levels of executive function were associated with higher PM positive social support from children (β = 0.037, 95% CI: 0.010, 0.064) and from friends (β = 0.115, 95% CI: 0.081, 0.150) (Web Figures 2B-5B ). Women reporting higher WP negative social support from extended family members (β = 0.088, 95% CI: 0.041, 0.135) and from friends (β = 0.062, 95% CI: 0.008, 0.115) showed higher initial executive function scores, but higher WP negative social support from extended family members was also associated with faster decline (β = −0.013, 95% CI: −0.023, −0.004) (Web Figures 4D  and 5D ).
Memory. Among men, higher PM positive social support from a spouse/partner was associated with slower decline in memory scores (β = 0.006, 95% CI: 0.000, 0.012) (Web Figure 2E and Table 4 ). Men reporting higher PM negative social support from extended family members (β = −0.138, 95% CI: −0.201, −0.076) and from friends (β = −0.108, 95% CI: −0.185, −0.032) showed lower initial memory scores (Web Figures 4G and 5G ). Among women, higher PM positive social support from a spouse/ partner was associated with lower baseline scores (β = −0.063, 95% CI: −0.094, −0.031), but this association diminished over time (β = 0.009, 95% CI: 0.004, 0.015) (Web Figure 2F) and was weaker for participants with higher PM positive social support (β = 0.025, 95% CI: 0.007, 0.043). Higher memory scores were also associated with lower PM negative social support from children (β = −0.093, 95% CI: −0.156, −0.030) (Web Figure 3H ) and with higher PM positive social support from friends (β = 0.119, 95% CI: 0.073, 0.164) (Web Figure 5F) .
Similar associations between social support and age-related cognitive decline were found for analyses limited to the subsample of participants with complete data in all 5 waves and analyses, adjusted for retest effects (Web Tables 3-6 ).
DISCUSSION
Using 5 waves of data spanning an 8-year period, we examined the longitudinal associations between social support and cognitive function by sex and relationship type. We found that participants reporting higher positive social support and lower negative social support than others had higher cognitive scores and slower decline in memory, as did participants reporting higher-than-usual level of positive social support. Higher-thanusual negative social support was associated with higher executive function, but this association was weaker for participants with higher-than-average levels of negative social support. In addition, our findings indicated sex-specificity in the associations between social support and age-related cognitive decline, often contingent upon relationship type. By and large, for men, higher-than-average positive social support from a spouse/partner and lower negative social support from all types of relationships were associated with higher cognitive function and slower cognitive decline. Among women, positive social support from children and from friends-but not from a spouse/partner or from extended family members-was positively associated with cognitive function.
Longitudinal associations between social support and cognitive function
Our first objective examined whether between-persons differences and within-person changes in levels of social support were associated with age-related changes in cognitive function. In agreement with previous studies (24), we found that higher-than-average positive social support (i.e., betweenpersons difference) was associated with better cognitive function and slower decline in memory. Higher-than-usual positive social support (i.e., within-person change) was associated with slower decline in memory, independent of individuals' stable levels. Our findings demonstrated that both betweenpersons differences and within-person changes in positive social support are independently related to cognitive decline. Potential explanations include the stress-buffering characteristic of positive social support that facilitates the maintenance of homeostasis, benefitting cognitive function and health (25, 26) . Reverse causation is also possible. Higher cognitive function promotes effective management of interpersonal relationships, leading to positive perceptions of one's social exchanges (27) .We also found that higher-than-average negative social support across all relationship types was consistently associated with accelerated cognitive decline for men. This finding is in agreement with other studies of cognitive function in middle-aged and older adults (2, 28) . On the other hand, the positive association between higher-than-usual negative social support and cognitive function obtained from the present study may be due to reverse causation. Higher-than-usual levels of executive function on a certain occasion may enable persons to engage in more complex social interactions, increasing the frequency of negative social exchanges (24, 29) .
Social support and cognitive function by sex and relationship type
Our second objective examined whether the social-support and cognitive-function associations were modified by sex and by relationship type. Sex differences in associations between social support and cognitive function have been reported in some (10-12) but not all (13, 14) studies. In the present study, for men, higher-than-average positive social support and lower-than-average negative social support from their spouses/ partners were associated with better cognitive function and slower cognitive decline. For women, higher-than-average positive social support from their spouses/partners was negatively associated with cognitive function, but the association with memory weakened over the follow-up period. Previous research has shown that the degree of health benefits from marriage/partnership differ according to sex (30) . Relying on their spouse/partner as the main resource for social support, the quality and stability of intimate social ties are more instrumental for cognitive maintenance (31) and health (32, 33) for men than for women. Women are more sensitive to appraisals of partnership quality (34, 35) , and they exchange social support with a wider range of social partners than men (8, 9) . In the present study, higher-than-average positive social support from children and from friends was associated with better cognitive function for women. This is consistent with other studies (10) (11) (12) in which friendships were protective against cognitive decline for women but not for men. Our finding may indicate that positive exchanges from social ties beyond the spouse and immediate family may be particularly cognitively stimulating for women (12) . It is also possible that women with high cognitive skills are more capable of managing friendships, thereby requiring less social support from more intimate social relationships.
Strengths and limitations
Strengths of our study include its sample size and the multiple and detailed assessments of cognitive function and social support from a range of social relationships, enabling exploration of sex-specific and relationship type-specific associations between social support and cognitive function over 5 waves of a longitudinal cohort representative of English older adults.
The present study has a number of limitations. Our measures of social support were self-reported, so the information may have been influenced by participants' personality traits. However, self-reporting may be the best method to capture participants' subjective interpretation of the social support they perceived. Loss to follow-up is another limitation. As the length of follow-up increases, participants remaining in longitudinal studies of older populations are inevitably progressively healthier, are more socially connected, and have higher levels of cognitive function than those who left the study (36) . The consistency between our main analysis findings and the supplementary analyses based on participants who took part at all 5 waves suggested that nonresponse bias has not materially influenced our results. Examination of retest effects indicated that the estimated rates of cognitive decline shown in our main analyses were reduced due to repeated cognitive assessments. Nevertheless, additional adjustments for retest effects did not alter the main associations of interest. Thus our findings are likely to be generalizable to healthy older adults, and our estimates might reflect conservative estimates of the range of cognitive decline over the 8-year period, with a reduced statistical power to detect strong associations between social support and cognitive decline.
The multiple associations tested in the present study would have inflated our chance of making type I errors. But we reported only the findings consistent to both domains of cognitive function in relation to each relationship type. Because assessments of social support and cognitive function were conducted in the same time period, the findings obtained here may involve reverse causation. Our study thus mainly indicated how social support and cognitive function coevolve over time, and did not definitively show the direction of these associations. Finally, although we adjusted our estimates for a range of covariates, there remains the problem of residual confounding that is common to all observational studies.
In conclusion, both between-persons differences and withinperson changes in levels of positive support and negative support were independently associated with age-related changes in cognitive function. The associations between social support and cognitive decline were not derived equally from different relationship types for men and women. In line with the findings of previous studies (2, 11, 13, 28) , the current study found that the associations between social support and cognitive function were moderate in magnitude. However, as an important component of healthy aging, social support should still be considered in any comprehensive intervention to slow cognitive decline in old age (37) . The longitudinal evidence of the complex social-support and cognitive-function associations provided by this study might guide both future research efforts and intervention strategies designed to maximize the benefits of social support for successful cognitive aging.
